to maintain the frequency of the system within the acceptable limit in smart distribution grid system will be achieved.
I. INTRODUCTION
T HERE are many parameters that need to be considered during the planning process of a power system, either in generation, transmission or distribution side such as frequency level, voltage level, capacity limit of each components and etc. By considering all these parameters, the power system can operate without any problem that might give an impact to the consumer and utility. In traditional power system, generators have been used to balance out the frequency between power generation and load, and many techniques have been introduced [1] [2] [3] [4] [5] . We can define this type of system as "generation-balancing control" method. If the system detects instability in the frequency, the generation will vary its output to fulfil the requirement of demand.
On the other hand, in smart grid system, the controllable load such as washing machine, dishwasher, electrical car, water heater and other intelligent devices can be used to implement the "demand-balancing control" method. In [6] , the advantages of controlling load to composite the fluctuation of renewable energy (RE) rather than using Energy Storage System(ESS) has been discussed. The controllable loads not only have a fast response, but are also more reliable in solving the imbalanced frequency problem [12] . Besides that, the controllable load will also eliminate the total power loss which occurs in ESS during switching process (power switching losses). By controlling the controllable load, the power curve can also be flattened. By adjusting their time of operation, for instance, operating the intelligent device only at light load condition and stop the operation or reduce the total power consumption during peak load, the controllable load will reduce the congestion that occurs in the system. However, the smart grid requires a good data communication management and architecture. So, the main objective of this paper is to propose a smart grid concept applied in distribution system for maintaining the system frequency within the allowable range. The proposed concept is more on the communication aspect that are required in order to control the load demand in a smart house. The remaining of this paper is structured as follows. The following section introduces the detail of communication technologies that should be implemented in smart distribution grid to achieve the objective of this paper. Section III describes the topology of the smart distribution network. Section IV describes the priority approach that is used to determine the contribution of each load and the paper ends by presenting the conclusion and future works.
II. HYBRID COMMUNICATION MANAGEMENT
Protocols and techniques for communication are already well developed and efficient. It would be a waste of time and resources if we are to recreate a new set of protocols for this new system. We do not have to reinvent the wheel. Thus, it is desirable to integrate the curr ent existing protocols and technologies into this new smart distribution system. The network topology of the system is as illustrated in Fig. 1 . The main entities in the system are the Smart Server (SS) which is located at the substation, the Smart Regional Server (SRS) which is located in specific regions supported by the substation, the Smart Meter (SM) located at each house and the Smart Appliances (SA). According to [10] , PLC is proposed as the communication medium between the home appliances (HA) in each home with its smart meter (SM). PLC is a good choice, due to the reduced cost needed for installation, because the medium of communication used is already installed in the building beforehand. Nonetheless, PLC is not the only means that can be used as the communication medium. Current researches, such as in [8] , are looking into wireless sensor networks (WSN); a group of sensor nodes (compliant to IEEE802.15.4) which are deployed to monitor the condition of an area or a system, and send the data wirelessly to the base node. These nodes can be deployed into the each of the sockets available inside a house, and collect the power consumption from each socket and send it to the SM.
In [9] , a simple device to tum on or off a device which communicate to the appliances via PLC was introduced. Furthermore, there is also a controller device developed by the Pacific Northwest National Laboratory. This device, which is installed in appliances, will tum the appliance off for a few seconds up to a few minutes when it detects frequency changes in the power grid. The concept implemented by this controller is similar to the load shedding technique. However, this device works independently and is not organized by a specific controlling entity. Thus, if it is implemented in all of the appliances in the household, when a frequency drop occurs in the grid, all of these appliances will tum off simultaneously. The process for the stabilizing the frequency of the system will also become harder. Hence, with the aim of creating a smarter environment, we would like to propose a conceptual module to be implemented to the HAs which would enable the HA itself to detect the state that it is in and schedule its task completion according to the prioritization settings by the user. The structure of the proposed module is as depicted in Fig. 2 . This module should be embedded inside each appliance which will be labelled as smart appliances (SA). In example, a washing machine with this module can be configured to start operating at 8 am and finish washing at 8 pm in the evening. So in this time interval, this machine will operate when the load in the grid is at a low level and tum to standby mode when the smart meter receives a command from the SRS to lower the load.
The power metering unit is the entity which calculates the power consumption of the appliance and sends the data to the controlling unit. The sensing unit is the entity that senses the condition of the appliance either in term of temperature or etc. The Network Interface Card (NIC) is the entity which will modulate and send the data in the uplink direction and demodulate and transfer the information received in the downlink direction to the upper layers. This entity usually consists of the two lowest layers in the communication stack which is the Physical layer (PHY) and the Medium Access Layer (MAC). The controller unit will act as the brain for this module. It will get the data from the power metering unit and send it to the SM via the NIC. It will also sense via the sensing unit and react accordingly. Furthermore, it receives commands from the SM via the NIC and executes the changes required by the SM. With the implementation of this module, the system will be fully automated. Plus, users can set their preferences in these modules so that when power reduction command is received, it will act according to the user preferences. 
B. Smart Meter to Smart Server via Smart Regional Server
According to [7] , the characteristics of PLC used in domestic scenarios (low voltage) such as in homes or offices are different from industrial scenarios. Furthermore, it is still unknown whether the usage of PLC with the transmission line is applicable. This fa ct renders the PLC unusable in this situation. Thus, it is in our interest to propose the use of existing communication technologies which has already been deployed and is operational curr ently. Besides using PLC, there are other options, in example, physical network connections such as ADSL and fiber optics and Wireless technologies such as 3GPP L TE and WiMAX. The drawback of using physical connection between SMs and the SRS is that there is a need for each home to have physical connection installed. Unless each home already has its own physical connection to the internet, the installation cost will be big. On the other hand, by implementing wireless backhaul connection to the Smart Regional Server (SRS), some installation cost can be reduced. For instance, WiMAX can be used because its coverage is very wide (around 50km radius) with very fa st bitrates (up to 30Mbps or more). Even at the cell edge, the speed is still around I to 4 Mbps, which is more than enough to send the data collected by the smart meter. The WiMAX interface cards can be embedded in the smart meter.
The communication between the SRS and the SS will be done using physical connection either by using ADSL or Fiber Optics via the internet. This is fe asible because the number of SRS will not be as many as the number of SMs. In addition, communication via physical connections will be fa ster and more reliable.
C. Protocol Stacks of the Entities in the System
The data collection is one of the most crucial parts in this system. Data losses can disrupt the accuracy of the smart grid load distribution system. In [10] , the authors introduced a three layer protocol stack which consists of an appliance layer at the topmost part, network layer in the middle and the physical layer at the bottom. According to [9] , the network layer used in [10] is likely to be the XIO protocol [13] . An enhancement of this protocol is done in [9] . This stack is fe asible enough for the communication within the household network. Conversely, this stack is not enough to prevent packet loss in a larger network. Due to the huge number of clients accessing and sending data to the designated server, congestion and collision which causes packet drops is bound to happen. The network layer, which mostly consists of the IP protocol, does not support packet retransmission and reordering. For this reason, we would like to propose the use of transport layer in the communication protocol stack. Transport layer protocols such as TCP and SCTP supports these capabilities, and can guarantee a reliable connection between the SMs and the SS.
The proposed protocol stack is as shown in Fig. 3 . The transport layer, TCP in particular, will be added in the protocol stac k s of the SM, SRS and SS. The networ k layer of the SAs can be either using the XIO protocol or the enhanced version in [9] . 
III. PROPOSED ARCHITECTURE FOR SMART GRID
The detail of two main components in network topology of the smart distribution grid proposed above is discussed below.
A. Server Operation Method
The smart server (SS) will be used to sense the frequency change in the network and calculate the total load that needs to be adjusted based on the frequency slope as proposed in [II] . So, during the frequency fluctuations, the SS will determine the total amount of load consumption that needs to be changed. Next, it will refer to its database to determine the available load changing amount in each SRS and send the data signal to selected SRS. However, the decision is made based on two main criteria which are the larger amount of load changing availability in SRS area and the maximum reduction of power losses between SS and SRS after adjustable load take an action. The two criteria have been chosen due to general formula of power system balancing as shown in equation (1), where P is the real power.
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The changes of controllable load consumption in smart grid system will also affect the power losses. For example, for the two regions which have the same amount of controllable load availability, but the distance between these two areas are different, by choosing the region who will give maximum power losses reduction (e.g.: the region further away), we might reduce the total load adjustment. Without considering the power losses, the surplus power reduction might occur and cause frequency fluctuations again. Fig. 4 shows the value of load adjustments that need to be reduced due to consideration of reduction in distribution system during frequency fall condition. The amount of load adjustment which is requested by SS will be sent to the selected SRS through the internet. When the SRS receives the command to adjust the power consumption in its own region, it will forward the massage to selected SMs (houses). Again, the selection process of SM will also use the same method as SRS process which is based on their availability of load adjustment and maximum reduction on power losses as shown in equation (2) . Even though the SS database consists of the total amount of availability of load adjustment for the regional area, the specific contribution of each houses is only stored at SRS database.
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After the SM gets the signal for adjusting their power consumption from SRS, it will ask the smart appliance to reduce/increase their power consumption in order to improve the frequency of the system. The optimization technique is used to make the selection of SA. However, the smart meter will also consider the time that has been set in some SAs by the user for completing their jobs. Once SA takes the action either increase or lowering its power consumption, the SA will update the latest condition to SRS through SM. The SS will also know the changes in SRS and update its own database. So, if there is any change in load consumption at SA, the SM, SRS and SS will update their database instantaneously. Fig. 5 shows the summ ary of the process in smart operation grid for the distribution system. 
B. Categories of Load in Smart Distribution Grid System
All Smart Appliances (SA) will be embedded with the module in Fig. 2 that allows the SA to communicate and control or change their power consumption. However, each SA has different capabilities and functions. So, in this paper, the SA will be categorised into 3 major types based on their operation type and the ability to control their load.
1) Thermal Based Load
For a SA which has heat storage capability, it can be turned on and off for certain seconds up to certain minutes without affecting their temperature such as refrigerator, water heater and etc. So, during the peak condition or losing generation sources, these types of load can be turned off for a certain time to help the system regenerate. However, the SM also needs to consider the marginal time before the load can be turned on again. For instance, the refrigerator cannot be turned on immediately after turning off as to avoid damage to the compressor and to lengthen its life span. So, these type of load is more suitable to be adjusted if the power system requires large amount of power adjustment in a long interval (tens minute).
2) Operation Mode Based Load
For the load that can function in multi mode of operating condition, the SM will ask the SA to change their mode when needed. However, the changing of mode operation is depending on agreement that has been approved by the consumer and it will not affect the consumer's comfortableness. Air conditioner is one of the examples of SA unit under this category. So, the user can set the range of the operation like from 19°C up to 25°C during day time, and the smart meter will run the analysis to decide the suitable temperature that will be allowed depending on frequency of the system. So, multi mode load type is the most suitable approach that can be used to improve the frequency of the system. However, it will depend on consumer willingness and incentive from government.
3) Operating Time Based Load
Washing machine and dishwasher are the examples of electrical devices that can delay or postpone their operation without giving a big impact to the consumer. So, the consumer only needs to set the completing time that is required by them and the SM will determine the suitable time of operation fo r the devices. For example, if the consumers want the dishwasher completing its job before he or she returns home at 5 pm, the SM will run the machine during light load of system. However, this type of load will be at lower priority of load changing if the remaining time for the device to complete the task is shorter. So, there will be prioritization concept in SM decision making. Not only that, the use of electrical vehicle (EV) in future will also be categorised under this type of load. The EV is not only charged during suitable condition and complete the charging just before the time that has been set by the consumer, but it also can support the power to balance the frequency by discharging its supply. So, the large amount of EV in the future will increase the capacity storage and back up for power system.
IV. DISCUSSION
From the types of load that has been categorised above, an example of the priority fa ctor is shown in Table I . The SM will only determine the contribution of each load after the priority fa ctor of each appliance has been assigned. The comfort fa ctor, time constraint fa ctor and economic fa ctor are the main fa ctors to decide the priority fo r each load. Most of these fa ctors are based on the agreement between the user and the power provider. The modem optimization method such as PSO can be used in decision making level in order to optimize the contribution of all appliances. Although some of the loads are required to delay or reduce their power consumption, they can help other devices to operate without frequency disturbance and with high reliability. Furthermore, by assigning the pnonty fa ctor to all controllable loads, the process of flattening the power demand curve also becomes easier. The utilities also can maximize their operation and increase the efficiency either in generation side or transmission side. So, the load adjustment will not only give the impact to the distribution side, but it gives benefit to the whole power system.
V. CONCLUSION AND FUTURE WORKS
This paper proposes the alternative method to stabilize the frequency of the system by adjusting controllable load at distribution side. By using the proposed communication system and data management, the power system is able to operate at higher reliability without frequency disturbance and reducing the chances of system fa ilure. In summary , the following major contributions have been made in this paper.
1. The module proposed in this paper will enable two way communications for the SA and gives SM the ability to change the SA's mode. So, it will make the dynamic load changing become possible.
2. The use of TCP protocol in communication between SM, SRS and SS as shown in Fig. 3 is to make the system more secure from data losses in order to make the operation successful.
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